The non-ionic surface-active agents, such as the sorbitan and polyoxyethylene derivatives of fatty acids, have a number of attractive uses in food technology, particularly as emulsifiers. It is important, therefore, to establish the effects of these compounds, in amounts proposed for technological pur poses, on the nutrition and health of the consumer. Data presented in the literature can be interpreted to mean that these compounds should not be classified as substitutes for fats but rather be considered as food additives, compounds which could be used in relatively small amounts whenever or wherever they develop technological advantage.
One of the most difficult tasks presented to food technologists is the determination of safety, particularly of compounds that are not recognized as normal to foods and work on this problem has been done by Bourke and Fitzhugh, '53; Chow et al., '53; Culver et al., '51; Harris et al., '50; Jones et al., '48; Krantz et al., '51; Schweigert et al., '51; Wang et al., '50; Allison et al., '52 . The task is difficult, in part, because any substance, whether it be classified as inert, as a food, or as a food additive, may appear to be harmless, beneficial, or toxic according to the experimental design and concentra tions used. The pathologies associated with toxicity may be a result of an increase in abnormalities associated with the growth and aging of a colony of laboratory animals, or they may be specific for the compound added to the food, or a combination of the two.
One error that is sometimes made in determining the safety of a group of compounds such as the emulsifiers is to treat them as if all members of the group had uniform effects on the living system. Even related compounds such the polyoxyethylene stÃ©aratesMyrj "45 and Myrj 52 which differ only in the number of polyoxyethylene units in the molecule may be absorbed and metabolized entirely differently. The fol lowing experiments involve these two emulsifiers together with a polyoxyethylene sorbitan monostearate (Tween R60).
THE EXPERIMENTAL DESIGN
Essentially the same experimental design was used with three different species of animals, the hamster, the mouse and the dog. The emulsifiers Myrj 452, Myrj 52a and Tween 602 were fed in several concentrations, but the amounts were usually small and did not replace essential dietary components, so that nutritional imbalances were to a large extent avoided. The compounds were fed throughout the youth of the hamsters and mice and into adulthood, the experiments being ter minated before senility itself caused a high degree of path ological changes. The experimental design employed involved measurement of growth and food efficiencies, a search for pathological conditions specific to the compound fed, and the determination of changes in incidence of pathology common to the colony of animals used in the test. Normal biological growth is an integrated process where the whole animal and all of its parts increase in weight or volume in a definite pattern. This pattern of growth was determined by measuring not only the weight of the whole animal but also some of its parts. The process of growth is a function of food intake and its utilization, a function which was expressed as food efficiency. Abnormalities were detected by histopathological techniques. 
THE DIET
Diet A, recorded in table 1, was used in some of the hamster and all of the mouse experiments. Both species of animals have been maintained on this diet from weaning to a year of age or more with no evidence of abnormalities except the development of obesity in some mice in old age an obesity attributed to the high caloric density of the diet. A commercial preparation 3 was also fed to hamsters to protect them from a disease called by us "Wet Spot." Dogs were fed a synthetic diet closely resembling diet A, called diet B (table 1) . (See Allison, Wannemacher and Migliarese, '54).
EXPEBIMENTS WITH HAMSTERS
Preliminary work with a synthetic diet. While developing the vitamin requirements of the hamster, diet A (table 1) was fed with roughly one half the recorded vitamins. Four groups of 12 animals each were fed this low vitamin diet to which 0, 1, 2.5 or 5% of Myrj 52 (dry basis) was added. All groups of animals grew well initially. Many, however, reduced their food intake markedly after 66 days, and two animals in the 5% Myrj 52 group died. Thiamine deficiency was suspected because of symptoms similar to those of polyneuritis. Increasing all vitamins to the concentrations in diet A (to avoid other possible deficiencies) was accompanied by improved appetite and return to normal growth. From then on until approximately 200 days animals in all groups received this diet and were in good condition. At this time 6 control animals and 4 animals from the group fed 5% Myrj 52 were autopsied. There was some evidence of fatty accumulation in the liver of animals receiving the Myrj 52, otherwise no gross or microscopic pathology was observed. The remaining an imals in all groups lived for approximately one year, at which time a severe epidemic of "Wet Spot" caused deaths in all groups. Attempts to repeat these experiments failed because of the prevalence of "Wet Spot" in all animals, including the controls. It is possible that many experiments where synthetic diets are fed to hamsters may be complicated by the disease "Wet Spot" which is character ized primarily by a wet posterior end, with bloody diarrhea and inanition. A private communication from Ben-Menachem at Hebrew University, Jerusalem, suggests that the disease may be similar to the obscure and fatal "Wet Tail" referred to by Hindle (see Worden, '47) . Hamsters fed diet A grew and were in excellent condition provided they were free from this disease. Exposure to "Wet Spot" was impossible to avoid, however, and occurred when animals were placed in cages that had contained sick animals or that were adjacent to sick animals.
Since "Wet Spot" was seldom found in animals fed the commercial "Fox Chow," variations were made in diet A to include this and certain natural foodstuffs. Addition of 30% of "Fox Chow," yeast, or alfalfa meal to diet A reduced the incidence of "Wet Spot," and reduced mortality from close to 100% to under 50%. Decreasing the fat in diet A by one-half, to approximate more nearly the low fat content (3%) of "Fox Chow," did not protect the animals from the disease entirely, but delayed its onset. Much work needs to be done to characterize the disease and the protective effect of foods, but these preliminary observations are mentioned at this time since the disease may be prevalent in other colonies of hamsters. Our work was continued using "Fox Chow" as the basal diet.
Surface-active agents in the "Fox Chow" diet. Two ex periments were carried out with the same general experimental pattern. Weanling hamsters were divided at random into groups of 12 animals each, the groups having the same average body weight, and fed "Fox Chow" alone or "Fox Chow" containing varying amounts, in terms of percentage weight, of the surface-active agents Myrj 45, Myrj 52, Tween 60, or 1% of vegetable fat. In one experiment, hamsters weighing approximately 27 gm were divided into 4 groups fed "Fox Chow" containing 0, 2.5, 5 or 10% of Myrj 52, respectively. The other experiment carried out a year later and in triplicate (experiments 19, 20 and 21) contained 8 groups, a "Fox Chow" control and groups fed "Fox Chow" plus \% vegetable fat (in one of the triplicates a duplicate "Fox Chow" control group was substituted for the 1% fat group), \% and 5% of Myrj 45, 1% and 5% Myrj 52, and 1% and 5% of Tween 60. The "Fox Chow" with \% of vegetable fat was considered as another control group, to include the effects of altering the texture and caloric value of the "Fox Chow," to approx imate some of the non-specific changes that might be associated with addition of surface-active agents. Experiment 20 was started one month following experiment 19 and experiment 21 three months following experiment 20. This division was made to determine the validity of one experimental design repeated at different times and using 12 animals in each group. For the first 6 weeks of the experimental period the amount of food consumed by each group in the triplicate experiment was accurately measured so that food efficiency (grams weight gained per gram of food consumed) could be calculated for the period of most rapid growth of the animals. All animals were weighed twice weekly at first, then at weekly and monthly intervals. At the end of 12 or 13 months of maintenance on the control and experimental diets all animals were autopsied and heart, liver, kidneys and spleen weighed. Duplicate samples of lymph node, thyroid, lung, heart, kidney, liver, adrenal, spleen, stomach, jejunum, duodenum, ileum, colon, cecum, bladder and testis were fixed in Bouin's solution or in 10% formalin, sectioned and examined for histopathology. Body weights and organ weights of animals in each experi ment, at autopsy, were subjected to statistical tests for sig nificance.
Body weight gain, food efficiency and organ weights. No difference was observed among any of the groups, individually or when averaged, in body weight gained or in grams of weight gained per gram of food consumed (food efficiency) over the first 6 weeks (see table 2 ). The average weight of all groups 190.200.250.260.190.220.210.240.19Experiment SO0.190.190.200.200.200.180.190.19Experiment SI0.160.160.160.160.170.140.160 decreased at 12 months in experiment 19, a decrease which was significantly greater than that of the "Fox Chow" controls in the group fed the diet containing \% of vegetable fat (see table 3 ). No difference between the "Fox Chow" control and the vegetable fat control groups was observed, however, in experiment 20. Loss in body weight at 12 months was also observed in experiment 21 where the loss was significantly greater than that of the controls in animals fed 5% of Myrj 45 and 5% of Myrj 52. It is doubtful, however, that these losses in weight in the older animals are associated with the addition of surface-active agents per se since it was not con sistent in the three experiments and occurred also in one of the vegetable fat control groups. With one exception, the weights of the heart, liver, kidneys, and spleen relative to body weight were not altered from the controls by the presence of Myrj 45, Myrj 52 or Tween 60 in the diet (see table 3 ). The one exception was an average liver weight which was significantly larger (p â€"0.05) than that of the "Fox Chow" control in animals fed 5% of Myrj 45 in experiment 20. This larger liver was not observed in experiments 19 or 21.
If the data obtained from the three groups of animals in the triplicate experiment are combined into one set, these differences disappear except for one instance. The average weight of the groups fed 5% of Myrj 52 is still significantly less than that of the "Fox Chow" controls at 12 months but not significantly lighter than the control animals fed \% of vegetable fat. This can be interpreted to mean that the occasional differences noted while feeding groups of 12 an imals, not observed when considering the 36 as a group, may be statistically significant because of a different distribution of unknown stresses in the triplicate experiment. Even though all experiments were done in the same animal room under as similar conditions as could be established, a stress such as a respiratory infection could occur asymmetrically with re spect to distribution of groups in the cages and with re spect to time. Care must be taken, therefore, in the interpreta- tion of so-called "significant differences" where asymmetry of stresses or other variables may exist.
Pathology. The data recorded in table 4 demonstrate that mortality was low in all groups of hamsters and was not altered by the presence of any of the surface-active agents in the diet. The histological examination of all the tissues at the end of one year was performed by a pathologist without knowledge of the diet fed the animal from which the tissues were taken. The report stated "All tissues examined were within normal limits except the following." Following this statement was a report of pathological diagnosis in terms of incidence in each group of hamsters such as 1/11 (i.e. one out of 11 of the hamsters in a certain group) had chronic interstitial nephritis. The results in each experiment were discussed and conclusions were drawn.
Significant pathology of three types was observed. The first was a sub-clinical colony infection characterized by mild to moderate generalized lymphoid hyperplasia, focal parenchymal hepatitis with perivascular cuffing of portal veins which rarely progressed to granulomatous degeneration in the liver, fibrosis of the spleen, and atrophy of the adrenal cortex, especially the zonae fasciculata and reticularis. The frequency of occurrence of this pathology was 32% in the controls and 28% in the hamsters receiving diets containing surface-active agents. Comparison of data between individual groups demonstrated that this pathology was not correlated with the presence or absence of surface-active agents.
The second type of pathology observed was mild testicular atrophy. In the year-old animals the incidence was above that in the controls in one experiment where hamsters were fed 5 and 10% of Myrj 52 (see table 4). The incidence was not increased, however, in triplicate experiments where an imals were fed 5% of Myrj 52. Grossly, the incidence of testicular atrophy with "brown discoloration" was observed to be higher in the animals fed 10% of Myrj 52 for one year than in the controls.
The third type of pathology was concerned with the kidneys. This pathology could be divided into a primary type character ized by the formation of hyaline casts in the renal tubules and a secondary type characterized by hyaline tubule casts accompanied by chronic interstitial nephritis. The data in dicate that whenever diarrhea was present the incidence of casts and chronic interstitial nephritis generally increased and feces collected quantitatively.
Slight diarrhea in the hamsters fed Myrj 52 and Tween 60 rendered the fecal collec tions not completely accurate. Analysis of food and feces for oxyethylene content4 made possible calculation of the percent age of ingested oxyethylene excreted in the feces. Twenty-four per cent of the ingested oxyethylene of Myrj 45 was excreted in the feces in contrast to 110% for Myrj 52 and 96% for Tween 60. Animals fed "Fox Chow" drank approximately 6.7 ml of water per day while those fed 5% of Tween 60 drank 8.1 ml per day. Thus complete non-absorption of the ingested molecules is associated with increased water intake and diarrhea. The resulting water imbalance may in turn be related to the increased incidence of casts and chronic interstitial nephritis in animals fed 5% or more of Myrj 52 and Tween 60.
EXPEEIMENTS WITH MICE
The effect of surface-active agents on growth and main tenance of mice was determined in order to reveal possible species differences in reaction. These animals have dietary requirements similar to those of the hamster, and they are not susceptible to the disease "Wet Spot."
Experimental plan. In each experiment, groups of 10 to 12 weanling mice, male or female, were fed diet A either alone or with concentrations of from 2.5 to 10% (dry basis) of the surface-active agents Myrj 45, Myrj 52 or Tween 60. Daily food intake was measured for the first three weeks. Twice-weekly, weekly and then twice-monthly body weights were also determined. In one experiment, female mice were maintained on a diet containing Myrj 52 at concentrations from 2.5 to 15%, from weaning through gestation and lacta tion. The animals were maintained on experiment for periods varying from three months to over a year. At the termination of the experiment all animals were autopsied, and the same STJKFACE-ACTIVE AGENTS IN THE DIET organs weighed and tissues sectioned, stained and examined for histopathology as in the case of the hamsters.
Environmental factors. High mortality was observed in early experiments in groups of mice fed diet A containing 15% of Myrj 52 or Tween 60. This high mortality was con current with an erythema and loss of hair. Data were obtained to suggest that these conditions were due to direct skin contact with the experimental diets and resulting cannibalism. Although similar effects were produced by the control diet alone when it was rubbed onto the skin of the animals, the 1There is no difference, at the P^0.05 confidence level, between the average body weights and organ weights of any of the experimental groups and the controls. condition was aggravated when the food contained the surfaceactive agents. Lowering of mortality and improvement of the skin condition occurred when wood shavings were kept in the wire or metal-bottom cages in which the mice were housed and when food was available only from overhead wire baskets. Therefore all subsequent experiments were conducted in this fashion.
Body weight gain and organ weights. There were no out standing differences in average body weights of animals fed the various experimental diets over periods of from three to 4 months, nor did the organ weights of these animals
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determined on autopsy at three to 4 months differ (table 5) . Those mice fed Myrj 45 seemed to have slightly larger kidneys, but kidney weights, expressed per 100 gm of body weight, did not differ significantly, at P^0.05 confidence level, from the controls. Mice fed 10 or 15% of Myrj 52 or Tween 60 developed pruritis ani and diarrhea, with no associated pathology. There were no gastrointestinal disturbances in animals fed 10% or more of Myrj 45.
Gestation and lactation. Two and one half to 15% of Myrj 52 added to the control diet caused no deviation from the normal pattern of gestation and lactation in female mice 1There is no difference, at the P^0.05 confidence level, between the litter size and birth weight of any of the experimental groups and the controls. maintained on these diets from weaning on (table 6). This was true despite some gastrointestinal disturbances at the higher concentrations as indicated above.
Pathology.
In the experiments lasting three to 4 months all of the tissues examined from animals fed the three surfaceactive agents Myrj 45, Myrj 52 and Tween 60 were normal with the exception of those described below. A sub-clinical colony infection present in 11 of the mice in the control group, fed diet A alone, was characterized by generalized lymphoid hyperplasia, focal parenchymal hepatitis with occasional to many intranuclear inclusion bodies and tubular nephritis. mononuclear perivascular cuffing in the bladder, which ap proximated early cystitis. Eight of the 9 mice fed 5% and 9 of the 12 fed 10% of Myrj 45 showed signs of the generalized colony infection. Two mice fed 5% of Myrj 45 and none in the 10% Myrj 45 group had marked infiltration of the liver, with intranuclear inclusion bodies. No pathological conditions attributable to the presence of Myrj 45 in the diet were evident. Five of the 11 mice fed 2.5%, 6 of the 10 fed 5%, and 8 of the 10 fed 10% of Myrj 52 demonstrated pathology that was associated in whole or in part with the colony infection. There were no abnormalities attributable to the feeding of Myrj 52. In the experiments involving Tween 60, 5 of the 6 mice fed 2.5% of this surface-active agent, 7 of the 9 fed 5% and 7 of the 9 fed 10% had evidence of the colony infection. Two animals, one fed 2.5% and one fed 10% of Tween 60, evidenced a mild gastritis. There were no pathological con ditions specific for Tween 60.
EXPERIMENTS WITH BEAGLES
Weanling beagle puppies were fed an agar gel diet B (table  1) containing 0, 5, or 10% (dry basis) of Myrj 45, Myrj 52 or Tween 60. The basal diet, containing 25% of casein, has been used for a number of years to grow and maintain dogs. Protein efficiencies are recorded in table 7. More data are needed to determine the variation in protein efficiencies of beagle puppies but these values are of the same order of magnitude as those determined previously on this diet in our laboratories, and the variation is small when it is considered that each value represents a single animal. None of the animals developed diarrhea on any of these diets. One animal fed 5% of Myrj 45 for approximately one year and two receiving 10% of Myrj 45 for 40 weeks were autopsied and the same group of tissues listed for hamsters and mice were examined for histopathology.
No significant pathology attributable to the feeding of Myrj 45 was found. Two dogs, one male and one female, receiving 5% of Myrj 52 were autopsied at the end of 9 months. No significant pathology was found. All other dogs, including those fed Tween 60, were kept on the diets for a year or more and since they were in good condition they are being used for other nutritional experiments. Tween 60, 10%WEIGHT INCREASEkgMales5.56.15.56.35.45.25.95.77.64.47.8Females3.85.53.94.94.93.6NITROGEN INTAKEfcff0.600.660.580.680.530.620.560.550.760.490.790.490.670.520.660.550.53PROTEIN EFFICIENCYkg wt. gain/kg N eaten9.29.29.59.310.28.410.510.310.08.99.87.58.17.57.48.96.8 
DISCUSSION
The experiments involving hamsters emphasize the necessity of feeding a diet that protects the animal from severe effects of variable stresses such as colony infections. Such uncon trolled stresses can sweep through the colony at random so that significant differences may be observed between groups, differences that are a function of the nature of the stress and not of the experimental variable. It was found impossible to use a synthetic diet for the experiments involving hamsters because of the lack of protection by the diet against a disease we have called "Wet Spot." Partial protection could be ob tained by adding alfalfa meal, certain yeasts or "Fox Chow" to the synthetic diet. For that reason, "Fox Chow" was used as the basal diet. Even with some asymmetry of stresses between groups may be one explanation of the fact that in triplicate experiments some significant differences (P â€"0.05) occurred in one member of the triplicate which disappeared when the data were considered as a whole. The addition of Myrj 45, Myrj 52 or Tween 60 at varying concentrations to the diet of hamsters, mice or dogs did not alter growth or food efficiency. Myrj 45 did not produce diarrhea in any of the animals or any abnormalities that could be attributed to this surface-active agent per se. The pos sibility that 5% of Myrj 45 could be considered the upper limit for feeding surface-active agents to hamsters might be argued because in a single experiment there was a significant fall in body weight in year-old animals below the "Fox Chow" control, a significance, however, that disappeared when tri plicate experiments were analyzed. A reduction in growth and food efficiencies was reported by Schweigert et al. ('50) for hamsters fed 5 and 15% of Myrj 45 in place of an equivalent amount of lard in a semi-synthetic diet. The gastrointestinal disturbances found by these authors in hamsters fed Myrj 45 and the accompanying pathologies (see Wang et al., '50) were not observed in any of our animals. Possibly there were added stresses in their experiments, such as a nutritional imbalance due to substitution of Myrj 45 for lard. Recently Krehl, Cowgill and Whedon ( '55) concluded from their studies on the effects of polyoxyethylene esters in the diet of the rat and the cat that Myrj 45 up to 20% of the diet, or the oxyethylene moiety at a level of 6%, had no deleterious effect.
Diets containing 5% of Myrj 52 or Tween 60 did produce diarrhea in hamsters. Higher concentrations of these surfaceactive agents up to 10 and 20% were necessary to produce diarrhea in mice or dogs. Increase in the incidence of kidney casts and of chronic interstitial nephritis occurred in hamsters et al. ('53) reported that a semi-synthetic diet supplemented with 5% of Tween 60 produced diarrhea and growth retarda tion in rats. This same emulsifier, or Myrj 52, could be fed by them in a soybean meal basal diet even at the 15% level without any observable toxic effects. These observations, together with those presented here, suggest that the abnormal effects associated with the feeding of Myrj 52 and Tween 60 may be the result, at least in part, of non-absorption of the oxyethylene moiety from the gut and complete excretion in the feces. Absorption of roughly three quarters of the oxy ethylene portion of the Myrj 45 molecule may have prevented diarrhea and associated kidney pathology in animals fed this compound. Only those compounds produced pathological kid ney conditions that, at the concentrations fed, caused diarrhea. Perhaps the higher incidence of mild testicular atrophy ob served in hamsters fed 10% of Myrj 52 for one year could be associated with the stress of long-continued diarrhea. The incidence of this mild testicular atrophy was higher in animals fed 5% of Myrj 52 than in the controls in one experiment but was not higher than the controls in three other experi ments. These results indicate that 5% of Myrj 52 is near the upper limit for feeding this surface-active agent to hamsters. No other histopathologies were observed while feeding Myrj 52 or Tween 60 to hamsters. No histopathologies specific for Myrj 45, Myrj 52 or Tween 60 were observed in mice, results which indicate that hamsters are more susceptible than mice to the effects of diarrhea or other stresses associated with these agents.
